The remainder of the paper is organised as follows. Section 2 describes the data. Section 3 outlines the econometric models and the hypotheses tested. Section 4 discusses the empirical results. Finally Section 5 offers some concluding remarks.
Data description
We examine the impact of net equity and net bond portfolio flows on exchange rate dynamics for the US vis-à-vis seven Asian developing and emerging market countries, namely India, Indonesia, Pakistan, the Philippines, South Korea, Taiwan and Thailand. China, Hong Kong, and Malaysia were excluded because their currencies were fixed vis-a-vis the US dollar. 5 The US is treated as the domestic economy throughout. We use monthly data on equity and bond portfolio flows and endof-period exchange rates defined as US dollars per unit of foreign currency for the period 1993:01 to 2015:11, except for Pakistan for which flow data are only available till 2014:11. The data source for exchange rates is the IMF's International Financial Statistics (IFS), whilst portfolio flows were obtained from the US Treasury International Capital (TIC) System. 6 As pointed out by Edison and Warnock (2008) , the US TIC data have three main limitations. First, they only cover transactions involving US residents, i.e., they represent bilateral US portfolio inflows and outflows and do not include other cross-border portfolio flows. Second, transactions taking place via third countries lead to a financial centre bias in the bilateral flows data as they are recorded against the foreign intermediary rather than where the issuer of the foreign security resides. Third, financing of cross-border mergers through stock swaps makes the analysis of equity flows rather difficult. Despite these limitations, the TIC data have been widely used in the empirical literature as still being informative about bilateral portfolio investments between the US and the rest of the world. Moreover, the second and third issue mentioned above are likely to be trivial in the context of emerging and developing countries.
Log changes of exchange rates are calculated as r t ¼ 100 Â ðE t =E tÀ1 Þ, where E t is the log of the exchange rate at time t. Net portfolio flows are constructed as the difference between portfolio inflows and outflows. While inflows are measured as net purchases and sales of domestic assets (equities and bonds) by foreign residents, outflows are defined as net purchases and sales of foreign assets (equities and bonds) by domestic residents. Therefore, positive numbers indicate net equity and net bond portfolio inflows toward the US or outflows from the Asian countries. Following Brennan and Cao (1997) , Hau and Rey (2006) , and Chaban (2009) among others, the flows are normalised using their past 12-month average.
A wide range of descriptive statistics is presented in Table 1 . The mean monthly changes of exchange rates are negative, suggesting a US dollar appreciation against all Asian currencies over the sample period. The biggest one occurred vis-a-vis the Indonesian currency (À0.694), followed by the Pakistani one (À0.514), whilst the smallest occurred vis-a-vis the Taiwanese dollar (À0.094), and the Thai baht (À0.124). Net bond flows are positive for all countries but Pakistan and the Philippines, the latter two experiencing bond inflows vis-a-vis the US. On the contrary, net equity flows are all negative, hence the US, on average, experiences equity outflows toward the Asian countries.
Exchange rate volatility, on the other hand, ranges from 1.55 and 1.61 respectively for Taiwan and Pakistan to 7.59 for Indonesia. The volatility of net bond flows ranges instead from 9.70 (highest) for Pakistan to 1.42 (lowest) for Taiwan, with the corresponding volatility for net equity flows ranging from 2.39, 2.05, and 2.01 (highest) respectively for Pakistan, the Philippines, and India to 1.40 (lowest) for Thailand. Equity flows exhibit higher volatility compared with bond flows in all cases, except India, Pakistan, and Thailand. Further, exchange rate volatility is higher than for both types of flows in Indonesia, South Korea and the Philippines, lower than for equity flows in Taiwan and for bond flows in Thailand, and lower than for both types of flows in India and Pakistan. All series exhibit strong skewness and excess kurtosis. Finally, the Jarque-Bera (JB) test statistics reject the null hypothesis of normality in all cases.
The econometric models
We investigate the linkages between net equity and net bond portfolio flows and exchange rates using different models. The linear model, commonly used in the literature (e.g., Brooks et al., 2004; Hau and Rey, 2006; among others) and to be taken only as the benchmark specification, has the following form 7 :
where r t = (log changes of exchange rates), and fe t g are i.i.d. errors with Eðe t Þ ¼ 0 and Eðe 2 t Þ ¼ 1. nbf tÀk and nef tÀk refer to net bond and net equity inflows respectively. Autoregressive terms P 12 n¼1 / n , up to twelve lags, are also included to capture exchange rate dynamics. 5 Hong Kong adopted a currency board system in October 1983; China's exchange rate was fixed to the US dollar until 2005, and Malaysia pegged its currency to the US dollar in the period following the Asian financial crisis till the middle of 2005. 6 These data were retrieved from the US Treasury Department website: http://www.treasury.gov/resource-center/data-chart-center/tic/Pages/countrylongterm.aspx. 7 This model is estimated only for sake of completeness. Since it assumes a constant variance it cannot be directly compared to the other specifications adopted below.
As the focus of the paper is on the linkages between equity and bond inflows and exchange rate volatility, we investigate the dynamics linking the three variables of interest using the Generalized Autoregressive Conditional Heteroscedasticity (GARCH) model (see Engle, 1982; Bollerslev, 1986) 8 :
where e t j X tÀ1 $ Nð0; r 2 t Þ is the innovation which is conditionally normal with zero mean and variance r 2 t . Further, w k 1 and w k 2 are the main parameters of interest measuring respectively the kth lag impact of net bond and net equity flows on the conditional variance of exchange rate changes r 2 t . A rich dynamic structure analysis is allowed for by including up to four lags for both types of flows (i.e., k ¼ 1; . . . ; 4). Finally, the following standard regularity conditions apply for this model: a; b > 0 and a þ b < 1.
The GARCH model provides evidence on the direct impact of flows on exchange rate volatility. We also estimate a regimeswitching model allowing for volatility shifts (i.e., for periods of both high and low exchange rate volatility) to examine whether flows affect the transition probabilities associated with switching between volatility states. 9 The specification is the following:
where fe t g are i.i.d. errors with Eðe t Þ ¼ 0 and Eðe 2 t Þ ¼ 1, and fs t g are random variables in S ¼ f1; 2g that indicate the unobserved state of the system at date t. Throughout, the regime indicators fs t g are assumed to form a Markov chain on S with a transition probability matrix P 0 ¼ ½p ij 2Â2 , where p ij ¼ Prðs t ¼ jjs tÀ1 ¼ iÞ, with i; j 2 S, and p i1 ¼ 1 À p i2 i 2 S ð Þ, with each column adding up to unity and all elements being non-negative. We also allow for a time-varying conditional mean lðs t Þ ð Þ. 8 Several GARCH specifications were estimated and the results showed that the standard GARCH specification is superior to other specifications. We also allowed for asymmetric as well as in-mean effects; however, such effects were not found to be significant. 9 Note that the GARCH models consider the direct impact of flows on exchange rate volatility, whereas the Markov regime-switching specifications examine whether flows affect the transition probabilities of switching between volatility states, and therefore whether they have an indirect effect on volatility. The two models can be seen as complementary in investigating the linkages between flows and volatility.
Therefore, the parameter vector for the mean, Eq. (3), is defined by the autoregressive terms P 12 n¼1 / n , up to twelve lags, and both l ðiÞ i ¼ 1; 2 ð Þand r ðiÞ i ¼ 1; 2 ð Þ , which are real constants (where 1 stays for low and 2 for high). Net equity and net bond portfolio flows enter the model through the time-varying transition probabilities as in the specification by Filardo (1994) . In particular, rather than examining the impact of flows on exchange rate volatility directly, as in Eq. (2), the model allows the probabilities to depend on flows instead. That is, each conditional volatility (where r ð1Þ stands for low volatility and r ð2Þ for high volatility) follows a regime-shift process and the transition mechanism governing fs t g is specified as:
As in the previous case, up to four lags of both types of flows are included. Note that, since p h t =nbf tÀk ðp h t =nef tÀk Þ has the same
implies that an increase in nbf tÀk nef tÀk ð Þincreases the probability of remaining in the state characterised by high exchange rate volatility. Similarly, g k 1 > 0 g k 2 > 0 À Á implies that an increase in nbf tÀk nef tÀk ð Þincreases the probability of remaining in the state characterised by low exchange rate volatility. The maximum likelihood estimation is performed using the EM algorithm described by Hamilton (1989 Hamilton ( , 1990 .
Empirical results

OLS and GARCH results
First we report the estimates of the linear model, Eq. (1), where net (equity and bond) flows are regressors in a standard OLS setting. The results, displayed in Table 2 , indicate that neither type of flows has a statistically significant effect on exchange rate changes. The only exceptions are net bond flows in the cases of India, Indonesia, Pakistan, the Philippines and South Korea. This general pattern suggests that the simple linear model fails to capture the relationship between flows Autocorrelation and heteroscedasticity-consistent standard errors are reported in parentheses (.). b k 1 and b k 2 measure the kth lag effects of net bond and net equity inflows respectively on exchange rate changes, as in Eq. (1). The lag length of the model is selected using the Akaike information criterion (AIC), subject to correction for serial correlation by the inclusion of further lags. Q ðpÞ and Q 2 ðpÞ are respectively the Ljung and Box (1978) tests for the pth order autocorrelations in the standardised and squared standardised residuals; p-values are reported in square brackets [.] . a Statistical significance at the 1% level. b Statistical significance at the 5% level. c Statistical significance at the 10% level. and exchange rates. In fact the residuals exhibit strong heteroscedasticity in most cases, indicating that the linear model does not fit the data well. By contrast, the GARCH models (see Table 3 ) appear to be well-specified: there is no linear or nonlinear dependence in the residuals, and the ARCH (a) and GARCH (b) parameters are significant in all cases. Regarding the impact of flows on volatility, the results suggest that bond inflows from the Asian countries toward the US lead to a decrease in the volatility of the US dollar exchange rate vis-a-vis the currencies of the Asian countries. This holds in all cases (w 1 being negative and significant), except for Taiwan where bond inflows are found to increase the volatility of the exchange rate (w 1 being positive and significant for this case). By contrast, equity inflows from the Asian countries toward the US are found to lead to higher volatility of the US dollar exchange rate vis-a-vis the currencies of these countries (i.e., w 2 is positive and significant in all cases). Next, we check the robustness of these findings by including some control variables, namely interest rate differentials (between the US and each of the Asian countries) and changes in the VIX volatility index, since these variables are known to be associated with exchange rate volatility in emerging economies. 10 For example, both Frankel and Rose (1996) and Chen (2006) found that higher nominal interest rates increase the probability of switching to an exchange rate crisis regime. Further, Ananchotikul and Zhang (2014) recently concluded that global risk aversion, proxied by the VIX, has a significant impact on the volatility of asset prices, including the exchange rates, using data from 17 emerging countries. Our results suggest that the interest rate differential has a negative and significant effect in Indonesia and the Philippines, and a positive and significant one in India, Pakistan and South Korea (see k 1 in Table 4 ). Changes in the VIX volatility index have a positive and significant effect in Indonesia, Pakistan, Taiwan and Thailand, but insignificant ones in the rest of the countries (see k 2 in 
k¼1 w k 2 nef tÀk , respectively. rt ; nbf tÀk ; and nef tÀk are log changes of Asian currencies in units of US dollars multiplied by 100, net bond inflows, and net equity inflows, respectively. Robust standard errors are reported in parentheses (.). The lag length of the model is selected using the Akaike information criterion (AIC), subject to correction for serial correlation by the inclusion of further lags. Q ðpÞ and Q 2 ðpÞ are respectively the Ljung and Box (1978) tests for the pth order autocorrelations in the standardised and squared standardised residuals; p-values are reported in square brackets [.] . a Statistical significance at the 1% level. b Statistical significance at the 5% level. c Statistical significance at the 10% level. 10 The data sources for interest rates and the VIX volatility index are the IMF's International Financial Statistics (IFS) and Datastream respectively. We also considered export growth in the Asian countries as a control, but found only a weak effect on volatility in most countries. Table 4 ). These results are broadly in line with those of Ananchotikul and Zhang (2014) , who found that more managed currencies show less sensitivity to global risk aversion. Overall, the inclusion of the control variables in the conditional variance equation in the GARCH specifications ( . The general conclusion from these findings is that equity and bond inflows have significant effects on exchange rate volatility; specifically, equity (bond) inflows increase (decrease) it in all countries, except Taiwan (no effects of bond flows are found in this case) and the Philippines (where neither types of flows has significant effects).
Markov regime-switching results
GARCH models only examine the direct effects of flows on volatility. Further insights into the linkages between flows and exchange rate volatility can be gained by analysing whether flows affect the transition probabilities of volatility states using Notes: The conditional mean and variance equations of the estimated GARCH model for each country are respectively given by rt ¼ l þ
. rt ; nbf tÀk ; nef tÀk ; vix tÀ1 and ði À i Ã Þ tÀ1 are log changes of Asian currencies in units of US dollars multiplied by 100, net bond inflows, net equity inflows, changes in the Chicago Board Options Exchange volatility index (VIX), and interest rate differential between the US and the corresponding Asian countries, respectively. Robust standard errors are reported in parentheses (.). The lag length of the model is selected using the Akaike information criterion (AIC), subject to correction for serial correlation by the inclusion of further lags. Q ðpÞ and Q 2 ðpÞ are respectively the Ljung and Box (1978) tests for the pth order autocorrelations in the standardised and squared standardised residuals; p-values are reported in square brackets [.] . a Statistical significance at the 1% level. b Statistical significance at the 5% level. c Statistical significance at the 10% level.
regime-switching models. The null hypothesis of linearity against the alternative of Markov regime-switching cannot be tested directly using a standard Likelihood Ratio (LR) test. Therefore we test for multiple equilibria (more than one regime) against linearity using Hansen's (1992) standardised likelihood ratio test. Testing requires the evaluation of the likelihood function across a grid of different values for the transition probabilities and for each state-dependent parameter. 11 The standardised Likelihood Ratio statistics (Table 5 ) provide strong evidence in favour of a two-state Markov switching specification for all seven currencies. We also test for the presence of a third state, but this is rejected for all series. 12 The maximum likelihood estimates are reported in Table 6 . The standardised residuals show no sign of either linear or nonlinear dependence of the estimated models. Further, the periods of high and low volatility seem to be identified accurately by the smoothed probabilities. The Markov process is driven by switching in the variance rather than the mean. Statistically significant low and high levels of the variances are identified for all countries considered. The mean appears to be significant only in the cases of Pakistan in both states, and India in the high volatility state. Figs. 1-7 show plots of exchange rate changes, r t , the estimated smoothed probabilities (SP), net bond inflows, nbf t , net equity inflows, nef t , and the time-varying transition probabilities (TVTP) for India, Indonesia, Pakistan, the Philippines, South Korea, Taiwan and Thailand, respectively. The smoothed probabilities indicate that switches are not very frequent in most cases. The process is in the high volatility state for 167 months (62.31%) in India, 64 months (23.52%) in Indonesia, 70 months (26.82%) in Pakistan, 139 months (51.29%) in the Philippines, 32 months (11.85%) in South Korea, 147 months (53.84%) in Taiwan, and 35 months (12.86%) in Thailand. Exchange rate changes are characterised by low volatility for the remainder of the sample. The high volatility periods are associated with the Asian financial crisis of 1997-1998 and the global financial crisis of 2008-2009 in most cases, the exchange rate for the US dollar against the currencies of India, Pakistan and the Philippines being the most volatile over recent years. Furthermore, the time-varying transition probabilities suggest that net equity and net bond portfolio inflows drive the switches between the two states for a selected number of exchange rates. In particular, higher exchange rate volatility is found to be associated with larger equity inflows. For example, c 2 is positive and significant in Indonesia, Pakistan, South Korea, and Taiwan, hence equity inflows increase the probability of remaining in the high volatility regime in these cases, while g 2 is negative and significant in India, Indonesia, Pakistan, and Thailand, indicating that equity inflows decrease the probability of staying in the low volatility regime in such cases. By contrast, larger bond inflows are found to be associated with lower exchange rate volatility. For instance, c 1 is negative and significant in India, the Philippines and Thailand, whereas 
, where g k 1 (g k 2 ) and c k 1 (c k 2 ) measure the effects of net bond (equity) inflows for the kth lag on the probability to remain in the low and high exchange rate volatility regimes respectively. The lag length of the model is selected using the Akaike information criterion (AIC), subject to correction for serial correlation by the inclusion of further lags. Q ðpÞ and Q 2 ðpÞ are respectively the Ljung and Box (1978) tests for the pth order autocorrelations in the standardised and squared standardised residuals; p-values are reported in square brackets [.] . a Statistical significance at the 1% level. b Statistical significance at the 5% level. c Statistical significance at the 10% level.
g 1 is positive and significant in Indonesia, Pakistan, South Korea, and Taiwan, suggesting that bond inflows decrease (increase) the probability of remaining in the high (low) volatility regime in the former three cases (the latter four cases). We also carry out a robustness check for these findings by including interest rate differentials and changes in the VIX volatility index (defined earlier) as controls in the Markov time-varying transition probabilities, Eq. (3). The results, presented in Table 7 , confirm that high exchange rate volatility is associated with higher global risk aversion, proxied by changes in the VIX (c 4 is positive and significant in India, Thailand, and the Philippines, while g 4 is negative and significant in Indonesia, Pakistan, South Korea and Thailand); these findings are broadly in line with the GARCH ones and those of Ananchotikul and Zhang (2014) . Further, a higher interest rate differential increases the probability of the exchange rate in Pakistan and the Philippines remaining in the low volatility regime (g 3 is positive and significant), decreases the probability of the exchange rate of South Korea staying in the low volatility regime (g 3 is negative and significant), and decreases the probability of the exchange rate of Taiwan and Thailand remaining in the high volatility regime (c 3 is negative and sig- nificant). These results differ from those of Chen (2006) , who reported instead that higher exchange rate volatility is associated with higher interest rates. As for the effects of flows, the additional results corroborate the previous conclusion that net equity (bond) inflows increase the probability of remaining in, or switching to, the high (low) volatility regime of exchange rates. This is true in all cases, the only exception being the Philippines where the coefficients on flows become insignificant when the control variables are included. This implies that exchange rate volatility in this country is driven by global risk aversion and interest rate differentials rather than flow changes, which is consistent with the GARCH evidence. Furthermore, the estimated lag structure shows that, in the cases of India, South Korea and Thailand, equity flows affect the transition probabilities between the high-and low-volatility regimes after one month, whilst it takes longer elsewhere. Instead in the case of bond flows it takes between two and three months for this effect to materialise, with the only exception of South Korea where the probability to remain in the low regime g 1
Á is affected after one month. Overall, the results are mixed for most countries, either bond or equity flows in turn affecting exchange rates volatility and possibly at different lags. A clear pattern emerges only for South Korea and the Philippines. Specifically, the currency of the former appears to be the most responsive to equity and bond flows, where decades of financial repression had constrained the financial system, and the subsequent capital account liberalisation programme affected the response to the 1997-1998 crisis. Despite the considerable reforms undertaken since then, concerns remain about both South Korea's lending culture and ability to regulate a more complex financial system (Noland, 2005) . As for the Philippines, our finding that the effects of flows are insignificant can be explained by the restrictive measures (especially on outflows) introduced by the central bank to avoid an excessive appreciation of the peso and maintain overall stability in the foreign exchange market as well as develop the domestic capital market (Gonzales, 2008) .
Conclusions
In this paper we have investigated the effects of equity and bond portfolio inflows on exchange rate volatility, using monthly bilateral data for the US vis-a-vis seven Asian developing and emerging countries, namely India, Indonesia, Pakistan, the Philippines, South Korea, Taiwan and Thailand over the period 1993:01-2015:11. Both GARCH and time-varying transition probability Markov-switching specifications have been employed to model respectively the volatility of exchange rates and also switches between high and low volatility regimes as a function of stochastic information arrivals in the form of simple portfolio (bond and equity) shifts. Further, robustness checks have been carried out by including exogenous control variables such as global risk aversion and interest rate differentials.
The empirical results suggest that net equity and net bond portfolio inflows affect significantly exchange rate volatility in most countries, the Philippines being the exception. In particular, the results of the GARCH estimation show that equity inflows increase exchange rate volatility, while bond inflows decrease it. Moreover, the Markov switching results suggest that net equity and net bond portfolio inflows affect significantly the transition probabilities between the high and low volatility states; specifically, equity inflows increase the probability of remaining in, or switching to, the high exchange rate , where nbf tÀk ; nef tÀk ; vix tÀ1 ; and ði À i Ã Þ tÀ1 are net bond inflows, net equity inflows, changes in the Chicago Board Options Exchange volatility index (VIX), and interest rate differential between the US and the corresponding Asian countries, respectively. The lag length of the model is selected using the Akaike information criterion (AIC), subject to correction for serial correlation by the inclusion of further lags. Q ðpÞ and Q 2 ðpÞ are respectively the Ljung and Box (1978) tests for the pthorder autocorrelations in the standardised and squared standardised residuals; p-values are reported in square brackets [.] . a Statistical significance at the 1% level. b Statistical significance at the 5% level. c Statistical significance at the 10% level.
volatility, whereas bond inflows increase the probability of staying in, or switching to, the low volatility regime. The Philippines are the only exception once again, whilst South Korea is the most responsive country. The impact of net equity flows can be plausibly attributed to the exchange rate response to a more volatile demand for equities in emerging markets. As for net bond flows, cross-border bond acquisitions in emerging countries are usually hedged, because bonds denominated in the local currency in emerging markets are relatively less liquid (Gadanecz et al., 2014) . Therefore, lower exchange rate volatility is associated with larger bond inflows. Finally, our findings have important policy implications: in countries where net equity and net bond portfolio flows appear to affect exchange rate volatility, capital controls imposed on them could be an effective tool for policy-makers and financial regulators aiming to stabilise the foreign exchange market.
